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(54) RAKE receiver combining all the useful muitipath components of a spread spectrum signal 



(57) The present Invention extends the Rake archi- 
tecture as discussed in co-pending patent application 
number 9316989.5 In which the need for a set of Rake 
fingers covering a continuous range of delays In one chip 
steps is removed. The apparatus only comprises a small 
number of Rakef ingers. one or more of which is assigned 
at any given time to perform a searching operation. 
Whenever the searching Rake finger or fingers finds a 
path with higher energy than the current k>west Rake fin- 
ger the roles of the Rake finger are exchanged. 
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Description 

The present invention relates to apparatus for use in 
equipment providing a digital radio link using direct 
sequence spread spectrum t)etween a fixed and a 
nnobiie radio unit 

In coisending patent application nunt)er 931 6489.5 
there is deserved a Rake receiver in which the sampling 
of the signal is applied at only one sample per chip. Rake 
fingers were designed to cover the whole delay spread 
of the signal in one chip intervals, and because together, 
the Rake fingers examined the entire delay spread, this 
removed the need for a searcher function to allow the 
receiver to operate with the best possible responsive- 
ness to the changing channel conditions. 

The present invention relates to a different require- 
ment for a Rake receiver in which the channel is chang- 
ing very slowly and the equipment is extremely cost 
sensitive. 

In this situation, there is no need to have a receiver 
which can respond rapidly to changing channel condi- 
tions. For this reason it is desirable to have only a few 
Rake fingers that are likely to be active at any given time. 
H may not be immediately apparent that sampling at only 
one sample per chip is advantageous. 

In fact the use of single sample per chip operation, 
coupled witii an appropriate Rake assignment algorithm 
leads to unique advantages, as follows. 

Witii Nyquist filtering, degradation due to correlation 
of noise across the Rake fingers is avoided because the 
gaps between fingers are always timed to coincide with 
the zeros of the auto-conrelation function of the filtered 
receiver Input noise. 

The course alignment of Rake fingers means ttiat 
there is no need to run tracking loops. In the same way 
as for tiie comprehensive Rake receiver as described in 
the above mentioned patent application, tiie result is a 
significant saving In complexity In essence, the slowly 
changing characteri^ics of the channel are tracked by 
occasionally re-assigning tiie timing of a Rake finger. 

An object of the present invention is to provide appa- 
ratus for use in equipment providing a digital radio link 
between a fixed and a mobile radio unit In which the 
apparatus has n Rake fingers out of which n-1 can be 
active at any given tima 

According to tiie present invention there is provided 
apparatus for use in equipment providing a digital racfio 
link between a fixed and a mobile radio unit, said appa- 
ratus comprising a plurality of Rake fingers and means 
for controOing ttie operation of each Rake finger so that 
at any given time one Rake finger is arranged to search 
the delay spread, and means for examining ttie energy 
of each Rake finger so that whenever a Rake finger is 
found to have an energy tower than that found by the 
Rake finger cun-entiy searching, ttie Rake finger witti the 
lower energy takes over ttie searching function while the 
previous Rake finger that was etching becomes an 
active Rake finger. 



An embodiment of the present invention wfll now be 
desaibed with reference to ttie accompanying drawings 
wherein 

5 Rgure 1 shows a block diagram of a basic Differen- 
tial Phase Shift Keying (DPSK) receiver. 
Rgure 2 shows a block diagram of a conti'oller as 
shown in Figure 1, 

Figure 3 show various timing diagrams of ctock sig- 
10 nals which relate to Figure 2, and 

Rgure 4 shows a block diagram of a basic Binary 
Phase Shift Keying (BPSK) receiver. 

Referring to Figure 1. a basic DPSK receiver is 

75 shown, comprising a complex shift register 2 which 
receives at an input 4 ttiereof. a digital complex base- 
band signal. The receiver is shown fiaving three Rake 
fingers, 6. 8. 10. Each Rake finger conprises a switch 
1 2 having a number of first contacts each of which is con- 

20 nected to a respective stage of ttie complex shift register 
2. Each of the input contacts hasarespective output con- 
tact ¥vhich Is connected to a signal con-elator 14 so ttiat 
each of ttie individual outputs from the conplex shift reg- 
ister 2 can be applied to ttie input of the signal con-elator 

25 1 4. The output of ttie correlator 1 4 coirprises two output 
lines, an Inphase line and a Quadrature phase line. The 
Inphase line is connected to all input of a 1 -bit delay cir- 
cuit 16 and fas an input of a multiplying circuit 18. The 
output of ttie delay* circuit 1 6 is connected to an input of 

30 a multiplying drcutt 20. ttie output of which is connected 
to a filter 22. The output of ttie fitter 22 is connected to a 
furttier input of the multiplying circuit 18. Similar circuitry 
is provided for ttie quadrature output of ttie correlator 14 
and comprises a 1-bit delay circuit 24. a multipyling dr- 

35 cuh 26. a filter 28 and a further multiplying circuit 30. 

The outputs from the nrultiplying circuits 18. 30 are 
connected to a respective input of a summer 32, ttie out- 
put of which Is connected to an Input of a switch 34 and 
to all input of a furttier 1-bit delay circuit 36, the output 

40 of which is connected to an input of a multiplying circuit 
38. Tiie output of the multiplying circuit 38 is applied to 
a first input of a controller 40. The output of the switch 
34 is connected to an input of a summer 42. The summer 
42 also receives two furttier inputs from ttie switches 34 

45 in ttie ottier Rake fingers 8, 10. The output of the summer 
42 is connected to an input of a 1 -bit delay circuit 44 and 
to an input of a differentia! decode circuit 46, the output 
of which generates the demodulated data on line 48. The 
output of the 1 -bit delay circuit 44 is connected to an input 

so of a hard-limiting device 50. ttie output of which is con- 
nected to a second input of ttie multiplying drcuit 20, 26, 
38. An output from multiplying drcuit In each of ttie other 
Rake fingers 8, 10 correspondir^ to the output of ttie 
multiplying drcuit 38 is connected to an input of ttie con- 

55 trdler 40 respectively The controller generates an output 
signal for each of ttie Rake fingers for comrolling tiie 
operation of ttie switch 12 and also provides a control 
signal for controIDng the opeiation of ttie switch 34 in 
each of ttie Rake fingers. 
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Figure 1 illustrates a parallel architecture for a 
spread spectrum DPSK receiver using decision direction 
for channel estimation. As descrbed al»ve it shows 
three FUike fingers (l.e. n^S and the maximum of two 
Rake fingers are active at any given time) receiver which 5 
covers a delay spread of ten chips. The complex shift 
register 2. covers the ten chips of delay spread and any 
of the Rake fingers 6, 8, 10 may* select any of these ten 
delays. 

Considering the operation of the first Rake finger 6. to 
the first operation is to connect the selected delay posi- 
tion to the input of the con-elator drcurt 14 by means of 
the switch 1 2. The use of a single shift regl ster with switch 
having a plurality of selectable output for each of the 
Rake fingers Is merely for illustration purposes only. For is 
example a much more efficient means of performing this 
function would be by using pointers into a memory 

The choice of switch connections for each Rake fin- 
ger is under control of the controller 40. which will be 
desaibed in detail later. 20 

The operation of Figure 1 following the signal corre- 
lator 14 IsbasicaOy asdescribed in the above mentioned 
patent application. The outputs, I and Q of the con-elator 
circuit 14 pass through the one bit delay cincuits 16. 24 
respectively into the multiplying circuits 20. 26 which 25 
remove the modulation detected on the previous symbol. 
Having removed the modulation, the signals are passed 
to estimating fitters 22, 28 to provide an overall estimate 
of the complex path arrplitude lor the delay selected by 
the switch 12. This estimate is fed to the multiplying cir- 30 
cuits 1 8. 30 to phase align and amplitude weight the sig- 
nal in conjunction with the summer 32. At this point, a 
signal corrponent suitable for combining is available. 
However, the component will only be combined if the sig- 
nal is notthe weakest (ie if the Rakef inger Is not currently 3s 
searching). This decision is made by the controller 40 
acting upon information obtained from ttie 1 -bit delay cir- 
cuit 36 and the multiplying circuit 38 in each Rake finger. 
The delay circuit 36 inserts a 1-bit delay allowing the 
overall modulation, again to be removed from the signal 40 
on the selected path (this time after phase alignment and 
amplitude weighting) by the multiplying circuit 38. Com- 
parison of the levels at the output of the multiplying circuit 
38 (after averaging In the controller} for each of the Rake 
fingers, allows it to assign the Rake fingers wNch con- 45 
trbute signal to the output and the F^ke finger which is 
cun^ently serving only to search for the stronger paths. 

Referring to Rgure 2 and to Figure 3. the controller 
will now be described. The controller comprises three 
input lines 52. 54, 56 which receh^e tile respective output so 
from the muttiptying circuit 38 in each Rake finger of Rg- 
ure 1 . The signals are applied via integrators 58. 60. 62 
to an input of a selection circuit 64. respectively The out- 
puts from the selection circurt 64 are applied directly to 
the Rake fingers to control the switch 34 in each Rake S5 
finger. The outputs are also applied to an input of a con- 
flict resolver 66 and to an input of AND-gates 68. 70. 72 
respectively The conflict resolver 66 generates an output 
signal which is applied to an Input of an OR-gate 74, the 
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output of which s applied to a further input of AND-gates 
68. 70 and 72 respectively. The outputs from the AND- 
gates 68, 70 and 72 are connected to all input of a ring 
counter 74, 76, 78 respectively, the outputs of which are 
used by the respective Rake fingers of Figure 1 to select 
tiie position of the swvitch 12 for that particular Rake fin- 
ger. The output of ttie ring counters are also applied to 
further inputs of the conflict resolver 66. The conflict 
resolver 66 receives a clock enable signal Ck3. and tiie 
same signal is also applied to an input of an OR-gate 80. 
The OR-gate 80 and the OR-gate 74 receive a dock sig- 
nal Ck2, and the output of the OR-gate 80 provides a 
dock signal in cxder to reset the integrators 58, 60. 62. 

The operation of the conti-oller will now be desaibed 
with reference to Figure 3. 

WNle the clock signal Ckl is high the selection cir- 
cuit 64 is enabled. This compares the measured levels 
at its inputs after averaging by the integrators 58. 60 and 
62 and produces a high level on the output which con-e- 
sponds to the lowest measured level. All ottier outputs 
are low. These output changes are latched so that ttiey 
occur essentially instantaneously (well within a bit 
period). The outputs directiy control the switches 34 in 
each of the Rake fingers (a low level on a line result in a 
switch connection which is dosed). Thus, all the Rake 
finger outputs except the weakest are corrt^ined. 

Next, the dock signal Ck2 goes high, produdng a 
pulse on the input of the ring counter corresponding to 
the path selected for the relevant Rake finger. This 
moves ttie path delay by one chip. If the end of ttie search 
delay spread is reached, the path will be switched back 
to the beginning because ring counters are used. This 
operation will be correct provided the increment does not 
place the Rake finger path onto the same delay as an 
existing Rake finger's patii. The conflict resolver 66 
serves to avoid this. When tiie dock signal Ck3 goes high 
the conflict resolver 66 compares the counts on each of 
ttie Rake fingers ottier ttian ttie selected (weakest) one. 
against ttie selected one. Every time a match is found, 
ttie conflict resolver 66 produces a pulse which incre- 
ments the ring counter for ttie selected path until all com- 
parisons have been tried. 

The Rake finger which has been assigned ttie 
searching function is now examining a new position. Dur- 
ing the period labelled Valid measurement interval", a 
new measurement is performed for ttie new position (and 
ttie measurements are updated for the existing Rake fin- 
gers), nraking ttie measured le^ls valid for a new 
update. The measurements are completely new 
because the clock signal Ck has reset the integrators 52, 
54, 56 which now accumulate the new value. 

The process will be repeated witii the same Rake 
finger searching in one shift st^ aaoss ttie delay 
spread, missing out ttie currentty raked paths, until it 
measures a patti to have a higher power than measured 
on ttie existing Rake finger positions. When ttiis happens 
ttie existing Rake finger will begin to search and ttie pre- 
viously raking finger will feed into ttie summer 42 of Fig- 
ure 1. 
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More efficient searching could be achieved if the 
newly searching Rake finger were to carry on searching 
from where the previously searching Rake finger fin- 
ished. TTiis could be achieved by loading the ring counter 
corresponding to the new searcher with the contents of 5 
the ring counter con'esponding to the old searcher, prior 
to incren^enting. Additional circuitry to achieve this is 
implementable in a manner straight fontvard to those 
versed in the art. 

It is also possible to have mare than one searcher w 
operational simultaneously. For example, with p 
searches, at the end of each measurement interval, the 
searches become reassigned as the p Rake fingers hold- 
ing the p lowest measured energies. The search is then 
progressed with paths in mutually exclusive search pat- is 
terns. Thiscan be achieved in one of many ways, eg con- 
strain the ring counters to counting steps of p from 
different modulo p start positions, or constrain the ring 
counters to counting single steps but over different 
ranges. 20 

. The ability to provide for different numbers of search- 
ing Rake fingers aflbrds a possibility of a new level of 
adaptability In which the number of Rake fingers given 
over to searching and the remainder for raking energy is 
varied in accordance with the variability of the channel, ss 
Thus, for a rapidly changing channel, more Rake fingers 
wouU be needed for searching than on a slowly changing 
channel. Moreover, for a rapidly changing channel, the 
estimating filter length must be shorter, resulting in 
poorer channel estimates leading to increased combiner 30 
loss. Thus, for the rapidly changing channel, fewer Rake 
finger outputs can usefully be combined, therefore some 
of these call be relinquished and given over for search- 
ing. 

With reference to Figure 4 the architecture of a 35 
binary phase shift keying receiver is shown where a pilot 
signal is transmitted. The circuit is very similar to Figure 
1 and like elements have been given like reference 
numerals. The only important difference between Figure 
4 and Figure 1 Is the absence of the decision direction 40 
circuitry and the inclusion of the pilot correlator 82. The 
pilot conrelator 82 generates two output signals, an 
inphase and a quadrature phase signal Ip, Op respec- 
tively. Each of these signals are passed through a filter 
circuit 84. 86 and then to a multiplying circuit 88. 90 which 45 
effectively squares the output of the respective filter cir- 
cuits 84. 86. The output of the multiplying circuit 88. 90 
are fed to a summer 92, the output of which is used as 
one of the inputs to the controller 40. 

The pifot can be used for obtaining channel esti- so 
mates to allow good phase alignment and weighting of 
the originally raked signal components. The pilot can 
also be used to determine the relevant powers of the 
conponents of the output of the varkujs Rake fingers in 
order to ass^n F^ke fingers and searchers. The opera- ss 
tion of the control unit as shown in Figure 4 is exactly the 
same as that described with reference to Rgure 1 . 

It wfll readily be appreciated by those skilled in the 
art that various implementations of the receiver are pos- 
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sible without departing from the scope of the present 
invention. 

Claims 

1. Apparatus for use in equipment providing a digital 
radio link between a fixed and a mobile radio unit, 
said apparatus comprising a plurality of Rake fingers 
and means for controlling the operatfon of each 
Rake finger so that at any given time one Rakefinger 
is arranged to search the delay spread, and means 
for examining the energy of each Rake finger so that 
whenever a Rake finger is found to have an energy 
fower than that found by the Rake finger currently 
searching, the Rake finger with the fower energy 
takes over the searching function while the previous 
Rake finger that was searcNng becomes all active 
Rakefinger. 

2. Apparatus as claimed in claim 1 , wherein a shift reg- 
ister receives a digital complex baseband signal and 
each stage of the shift register is connected In par- 
allel to each Rake finger, and each Rake finger is 
arranged with means for selecting which shift regis- 
ter stage Is to be accepted by the Rate finger. 

3. Apparatus claimed in daim 2, wherein the means of 
selecting the shift register stage comprises a multi- 
way switch. 

4w Apparatus as claimed in daim 2. wherein the means 
for selecting tiie shift register stage comprises a 
memory arranged to use memory pointers. 

& Apparatus as daimed in any preceding claim, 
wherein the means for selecting the shift register 
stage comprises a controller induding means for 
receiving the outputs from each Rake finger and 
means for selecting the smallest measured signal 
received, and is used to control a further switch in 
the respective Rake finger to control the output from 
that Rake finger. 

6. Apparatus as claimed in daim 5. wherein the output 
from the means of selecting the smallest measured 
level is applied to an input of a respective ring coun- 
ter under the control of a conflkn resotver. and is 
used to control the means for selecting the shift reg- 
ister stage. 

7. Apparatus as daimed in any preceding claim, 
wherein the apparatus comprises a differential 
phase shift keying receiver. 

8. Apparatus as claimed in any one of the preceding 
claims 1 to 6, wherein the apparatus comprises a 
binary phase shift keying receiver in which a pilot 
signal is utifised. 
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Apparatus as claimed in any preceding daim, 
wherein a plurality of Rake fingers perform the 
searching function simultaneously. 
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